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Abstract
The 1,1-diphenyl-2-picrylhydrazyl (DPPH) scavenging assay was used to determine the antioxidant activity of novel
3-benzylidene-3-methyl-2,6-diarylpiperidin-4-ones, which were efficiently synthesized in the presence of an eco-friendly
montmorillonite-KSF clay catalyst. The synthesized compounds had significantly higher inhibitory concentration values than
the reference antioxidant ascorbic acid in a dose-dependent manner. (Z)-3-(4-chlorobenzylidene)-2,6-bis(4-chlorophenyl)-
5-methylpiperidin-4-one and (Z)-3-(3-nitrobenzylidene)-5-methyl-2,6-bis(3-nitrophenyl)piperidin-4-one had much stronger
antioxidant (p  < 0.001) activity than ascorbic acid.
© 2014 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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There is considerable interest in antioxidants, par-
ticularly those intended to prevent risk for chronic
diseases, including cancer and heart disease. A num-
ber of clinical studies suggest that the antioxidants
in fruits, vegetables, tea and red wine account for
the observed efficacy of these foods in reducing the∗ Corresponding author. Tel.: +91 44 3993 1238;
fax: +91 44 3993 2555.
E-mail address: nithya.pattusamy@gmail.com (P. Nithya).
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1658-3655 © 2014 The Authors. Production and hosting by Elsevier B.V. on 
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).incidence of chronic diseases. Several antioxidant agents
have been proposed, including sodium ascorbate, ascor-
bic acid, butylhydroxianisole, catalase, ethanol, acetone,
glutathione peroxidase, -tocopherol and sodium bicar-
bonate [1–3]. The free radical scavenging activity of
antioxidants in foods has been investigated extensively
and reviewed by Miller et al. [4].
One method that is currently popular is based
on use of the stable free radical 2,2-diphenyl-1-
dipicrylhydrazyl (DPPH). A rapid, simple, inexpensive
method for measuring antioxidant activity has been
developed, which it is widely used to test the ability of
compounds to act as free radical scavengers or hydrogen
donors. The method has been used to determine radi-behalf of Taibah University. This is an open access article under the
cal scavenging in food and to quantify antioxidants in
complex biological systems and drugs [5]. The DPPH
method can be used for solid or liquid samples and is not
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Table 1
Antioxidant DPPH scavenging effect of compounds 3a–e.
Compound IC50 (%) R2 IC50
5 g/mL 10 g/mL 15 g/mL 20 g/mL 25 g/mL 30 g/mL
AA 50.82 56.72 63.27 77.04 82.29 87.45 0.9769 4.910
3a 45.42 53.66 63.28 75.39 78.45 82.78 0.9608 7.205
3b 48.28 53.54 62.98 69.64 74.22 78.32 0.9849 6.364
3c 47.54 53.49 62.78 68.06 73.34 77.27 0.983 6.230
3d 49.18 52.49 58.03 63.26 65.91 74.41 0.9815 5.781
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pecific to a particular antioxidant component but applies
o the overall antioxidant capacity of a sample. This test
s the most widely accepted model for evaluating the free
adical scavenging activity of new drugs.
Many natural and synthetic piperidones and more
omplex, related derivatives have recently drawn
ttention because of their antimicrobial [6], antipyretic
7], anti-inflammatory [8] and anti-cancer [9] activi-
ies. Determination of the useful structural features of
he piperidine family is crucial for designing new ana-
ogues with improved activity and for characterizing
heir mechanism of action and potential side-effects. 3-
enzylidene-2,6-diphenyl-5-methyl-4-piperidones vary
idely in structure due to various substitutions in their
asic structure, which influence their biological activ-
ty [10]. In view of the considerable importance of
-benzylidene-4-piperidones and their derivatives, we
ested them for free radical scavenging activity using
he DPPH method.
.  Materials  and  methods
.1.  Chemicals
Aromatic aldehydes, montmorillonite-KSF, pyri-
ine and ascorbic acid were obtained from SD Fine
hemicals Ltd., India, and DPPH was obtained from
igma–Aldrich, Merck. The melting-points of the
-benzylidenepiperidin-4-ones are uncorrected. Col-
mn chromatography was performed on silica gel
230–400 mesh). Fourier transform infrared (IR) spectra
ere recorded in KBr pellets on a Nucon Infrared spec-
rophotometer. Ultraviolet–visible values were recorded
n a Perkin Elmer spectrometer, and nuclear magnetic
esonance (NMR; 1H and 13C) spectra were recorded
n a Bruker Advance III 500 MHz (AV 500) spectrom-
ter. High-resolution magnetic spectra (HRMS) were
ecorded on a Finnegan Mat 8230 mass spectrometer
EI mode). 74.34 77.14 0.9945 5.96
2.2.  General  procedures
2.2.1.  Synthesis  of  3-benzylidenepiperidin-4-ones,
3a–3e
4-Piperidones 1  (1 mmol), freshly distilled aro-
matic aldehyde 2  (1.5 mmol) and montmorillonite-KSF
(100 mg) were mixed thoroughly and irradiated in a
microwave oven at 80–90 ◦C and 320–540 W power for
the specified time (Table 1). On completion, diethyl ether
was added to the reaction mixture, and the granules of
the catalyst were filtered. The organic layer was washed
with water and dried over anhydrous Na2SO4. The sol-
vent was removed under reduced pressure, and the solid
obtained was purified by column chromatography with
petroleum ether:ethyl acetate as the eluent, to give 3-
benzylidenepiperidin-4-ones 3a–3e  in high yield.
2.2.2. (Z)-3-benzylidene-2,6-diphenyl-5-
methylpiperidin-4-one
(3a)
Yellow solid; yield 85%; m.p. 123–124 ◦C; IR (KBr)
cm−1: 3298, 1702, 1638, 700; 1H NMR (500 MHz,
CDCl3) δ: 0.91 (d, 3 H, J = 8 Hz, CH3), 2.11 (s, 1H, NH),
2.63–2.80 (m, 1H, H-3), 3.63 (d, 1H, J  = 4, H-6) 4.08 (d,
1H, J  = 11 Hz, H-2), 7.02 (m, CH CH), 7.11–7.35 ppm;
13C NMR (125 MHz, CDCl3) δ: 13.1 (CH3), 42.4 (C-3),
47.1 (C-5), 54.2 (C-2), 63.1 (C-6), 127.2, 127.4 (2C),
127.7, 127.8, 128.4, 128.5 (2C), 128.7, 128.9, 129.1
(2C), 130.3, 131.6, 134.2, 136.4, 138.1, 141.7, 141.8
(CH CH), 208.9 (C O) ppm; HRMS: m/z: 353.3991
(M+).
2.2.3.  (3-Methoxybenzylidene-2,6-bis(3-
methoxyphenyl))-5-methylpiperidin-4-one
(3b)
◦White solid; yield 78%; m.p. 128–129 C; IR (KBr)
cm−1: 3305, 1708, 1635, 702; 1H NMR (500 MHz,
CDCl3) δ: 1.01 (d, 3H, J = 3.8 Hz, CH3), 2.08 (s, 1H,
NH), 3.83, 3.85, 3.91 (s, 9H, 3×  OCH3), 2.84 (m, 1H,
ibah Un
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H-3), 3.75 (d, 1H, J = 10.9 Hz, H-2), 4.19 (dd, 1H, J  = 3
and 11 Hz, H-6), 7.09 (m, CH CH), 6.48–7.65 (m, 12H)
ppm; 13C NMR (125 MHz, CDCl3) δ: 10.1 (CH3), 52.8
(C-3), 54.9 (C-5), 55.2 (3×  OCH3), 61.8 (C-2), 68.5 (C-
6), 112.12, 112.56, 125.4, 126.7, 126.8, 127.4, 128.5,
129.3, 140.3 (CH CH), 143.4, 145.3, 160.5, 160.6,
204.12 (C O); HRMS: m/z: 443.4538 (M+).
2.2.4. (Z)-3-(2-hydroxyphenylbenzylidene)-2,6-
bis(2-hydroxyphenyl)-5-methylpiperidin-4-one
(3c)
Pale-yellow solid; yield 78%; m.p. 145–146 ◦C;
IR (KBr): cm−1 3297, 1701, 1631, 698; 1H NMR
(500 MHz, CDCl3) δ: 2.1 (s, 1H, CH3), 3.88, 3.89 (d,
2H, J  = 11.1 Hz, H-2, H-6), 2.4 (d, 1H, J = 10.8 Hz,
H-3), 6.75–8.47 (m, 12H), 7.11 (m, CH CH), 8.54
(s, 1H, OH) ppm; 13C NMR (125 MHz, CDCl3) δ:
13.22 (CH3), 41.8 (C-3), 65.1 (C-2), 68.1 (C-6), 116.44,
116.93, 117.15, 118.44, 118.96, 121.21, 121.52, 122.73,
127.73, 129.20, 129.33, 131.78, 132.42, 132.80, 132.95
(CH CH), 151.19, 160.66, 161.18, 161.54, 167.48,
210.1 (C O) ppm; HRMS: m/z: 401.7643 (M+).
2.2.5. (Z)-3-(4-chlorobenzylidene)-2,6-bis(4-
chlorophenyl)-5-methylpiperidin-4-one
(3d)
White solid; yield 69%; m.p. 133–134 ◦C; IR (KBr)
cm−1: 3298, 1708, 699; 1H NMR (500 MHz, CDCl3) δ:
1.10 (d, 3H, CH3), 2.22 (s, 1H, NH), 2.71 (m, 1H, H-3),
3.77 (d, 1H, J  = 11 Hz, C2–H), 3.84 (d, 1H, J = 10.5 Hz,
H-6), 6.88–7.99 (m, 12H), 6.98 (m, CH CH) ppm; 13C
NMR (125 MHz, CDCl3) δ: 10.23 (CH3), 51.4 (C-3),
N
N
NO2O2N
NO2
RH
VIOLET
DPP H-517 nm
AN61.9 (C-2), 68.3 (C-6), 126.2, 127.6, 127.9, 128.3, 128.6,
128.8, 129.32, 130.12, 130.97, 131.16, 131.45, 132.76,
135.65, 135.78 (CH CH), 209.5 (C O); HRMS: m/z:
456.8756 (M+).iversity for Science 11 (2017) 40–45
2.2.6.  (Z)-3-(3-nitrobenzylidene)-5-methyl-2,6-
bis(3-nitrophenyl)piperidin-4-one
(3e)
Pale-yellow solid; yield 70%; m.p. 135–136 ◦C; IR
(KBr) cm−1: 3296, 1701, 696; 1H NMR (500 MHz,
CDCl3) δ: 0.98 (d, 3H, CH3), 2.12 (s, 1H, NH), 3.82
(m, 2H, C2, C6 H), 3.55 (m, 1H, C3 H), 6.75–8.13 (m,
12H), 7.11 (m, CH CH); HRMS: m/z: 488.3498 (M+);
mol. formula: C25H20N4O7; mol. mass: 488.4489.
2.3.  Determination  of  antioxidant  activity
2.3.1.  DPPH  radical  scavenging  activity
The DPPH antioxidant assay is based on the ability
of DPPH, a stable free radical, to decolorize in the
presence of antioxidants. DPPH is a relatively stable,
nitrogen-centred free radical that readily accepts
an electron or hydrogen radical to become a stable
diamagnetic molecule. The radicals react with suitable
reducing agents, as a result of which the electrons
become paired off to form the corresponding hydrazine.
The solution therefore loses colour stoichiometrically,
depending on the number of electrons taken up.
Substances capable of donating electrons or hydro-
gen atoms can convert DPPH (which is purple) into
the non-radical form 1,1-diphenyl-2-picrylhydrazine
(which is yellow). The reaction can be followed
spectrophotometrically.
NH
N
NO2O2N
NO2
R
DANT
COLOURLESS
DPPH 517n m
In this study, the radical scavenging activity of 3-
benzylidene-2,6-diaryl-3-methylpiperidin-4-one deriva-
tives was assessed in DPPH free radical assays
performed according to method described by Brand-
Williams et al. [11]. The reaction mixture consisted
of 0.5 mL of sample, 3 mL of absolute ethanol and
0.3 mL of DPPH radical solution 0.5 mmol/L in ethanol.
Absorbance was read at 517 nm after 100 min. A mix-
ture of ethanol (3.3 mL) and sample (0.5 mL) served as a
blank. A control solution of ascorbic acid was prepared
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Scheme 1. Synthesis of 3-benzylidene-2,6-diaryl-
y mixing ethanol (3.5 mL) and DPPH radical solution
0.3 mL). Radical scavenging activity was determined
ccording to Mensor et al. [12] from:
adical scavenging activity (%)
=  100 −
[ (Abssample −  Absblank) −  100
Abscontrol
]
here Absblank is the absorbance of the DPPH solution,
bscontrol that of ascorbic acid and ASample is absorbance
n the presence of 3-benzylidene-4-piperidones 3a–e.
.  Results
In continuation of our efforts to use green cat-
lysts, we report solvent-free reactions of bioactive
-benzylidene-5-methyl-2, 6-diphenylpiperidin-4-ones
nder neat conditions.
2,6-Diphenyl-3-methyl-piperidone 1, obtained as
eported previously [13], was irradiated with aro-
atic aldehydes, 2, to synthesize 3-benzylidene-5-
ethyl-2,6-diaryl-4-piperidones, 3, in the presence
f montmorillonite-KSF under solvent-free conditions
Scheme 1). All five 3-benzylidene-5-methyl-2,6-diaryl-
-piperidones, 3, were obtained as solid compounds;
heir structures were in good agreement with their 1H
nd 13C NMR spectroscopic data.
The DPPH radical scavenging activity of the syn-
hesized compounds is shown in Fig. 1. The activity
ncreased with increasing concentration of benzyli-
ene derivatives. The IC50 values of compounds 3a–e
Table 1) were close to that of ascorbic acid (IC50
.910 g/mL), which is a well-known antioxidant.
.  Discussion
We report here the efficient, recyclable
ontmorillonite-KSF-catalysed synthesis of com-ounds 3a–e. The reactions were performed with
onventional methods and solvents such as ethanol,
ethanol, toluene and glacial AcOH. Three solid
atalysts were tested: acidic or basic aluminas, stronglyFig. 1. DPPH radical scavenging effects of compounds 3a–3e.
acidic montmorillonite-KSF and p-toluenesulfonic
acid under microwave irradiation, as the yields of
synthesized compounds by the microwave method
under solvent-free conditions were higher than with
the conventional method. There were no side-reactions
and no formation of any detectable by-product. The
yields were higher with montmorillonite-KSF (Table 2)
in a shorter reaction time, as observed earlier for
clay-supported reactions [14]. The role of the solid
catalyst and its concentration were tested by synthesiz-
ing 3a  at various temperatures and power. The optimal
reaction conditions were 80–90 ◦C, 340–540 W and
100 mg of solid montmorillonite-KSF. Consequently,
we used these conditions to synthesize a series of
3-benzylidene-5-methyl-2,6-diaryl-4-piperidones 3b–e.
4.1.  Antioxidant  activity
Synthesized compounds 3a–e  were evaluated for
free-radical scavenging activity, with ascorbic acid as
the control compound. The median inhibitory concen-
tration (IC50) for each compound is summarized in
Table 1 and Fig. 1. The IC50 values for compounds
3a–c were lower than that for ascorbic acid, while those
for compounds 3d and 3e were similar, indicating that
they are as effective as ascorbic acid. The free radical
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Table 2
Montmorillonite-KSF-catalysed synthesis of 3-benzylidene-5-methyl-2,6-diphenylpiperidin-4-one 3a with and without solvent under microwave
and conventional methods.
Entry Medium Microwave powera Time (min) Yieldb (%)
1 Montmorillonite KSF 540 8 79
2 Silica gel 350 10 63
3 Acidic alumina 350 10 45
4 Basic alumina 450 12 55
5 PTSA 540 8 62
6 Neat (without DMF) 540 10 –
7 Neat + DMF (2–3drops) 320 12 68
Conventional Time (min) Temp (◦C) Yieldb (%)
8 Ethanol 340 Reflux 68
9 Toluene 420 Reflux 45
10 PTSA 720 Reflux –
11 Methanol + gl. AcOH 720 Reflux 56
12 Montmorillonite KSF 60 120 68
13 Neat + DMF 55 120 70
14 Neat + without DMF
a Reaction conditions: benzaldehyde, 1 (1 mmol) and 2,6-diphenyl-3-alkylpiperidin-4-ones, 2 (1 mmol).
b Isolated Yield %.
79 79
77 75
10
20
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Table 3
Recycling of the catalyst for yields of 3a.
Catalyst (mol%) Reaction time (min) Yield (%)
0 130 –
2 55 75
Cycle 1 55 75
Cycle 2 60 73
reused at least four times with no apparent loss of activity.No. of cycles
Fig. 2. Reusability of montmorillonite-KSF catalyst.
scavenging activity of benzylidenepiperidones 3a–e  was
concentration-dependent (Fig. 2).
A structure–activity study showed that the antioxidant
activity of these 3-benzylidene-4-piperidone derivatives
can be attributed to the electron-donating nature of
the substituents OH, CH3, Cl and NO2 on the
benzylidene-4-piperidone scaffold, which reduce free
radicals and prevent damage to cells. The more hydro-
gen donors, the stronger the antioxidant activity. Thus,
the compounds with antioxidant activity are those with
one or more free OH and CH3 groups and also groups
like Cl and NO2.
4.2.  Regeneration  of  catalystTo determine the reusability of the clay catalyst
(KSF), it was recovered by filtration from the reactionCycle 3 68 72
mixture, diluted with dichloromethane and reused in
subsequent experiments (up to four cycles) under the
same reaction conditions. The catalyst could be recycled
and reused with no significant loss of activity (Table 3).
To confirm this observation, the effect of catalyst con-
centration on condensation of benzaldehyde, 2 and
4-piperidones, 1, in a 1:1 ratio was determined in the
presence of 100 mg of montmorillonite-KSF. Addition
of the catalyst at 1 and 2 mol% improved neither the
yield nor the reaction time further.
5.  Conclusion
We describe a simple, efficient preparation of ben-
zylidenepiperidones from 4-piperidones and various
aldehydes under mild conditions, with montmorillonite-
KSF as the catalyst. The catalyst can be recovered andUse of a clay catalyst for this preparation avoids use of
strongly acid or basic conditions, and the reaction can be
carried out in solvent-free conditions. Simple work up,
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